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[ Abstract] Objective To investigate the changes in the proliferation and migration ability of bone marrow
mesenchymal stem cells (BMSCs) after indirect co-culturing with glioma C6 cells, and to examine the role of
plasmacytoma variant translocation 1 gene (PVT1), a long non-coding RNA (IncRNA), in these changes. Methods ~ After
separation, cultivation and identification of BMSCs, BMSCs of good growth condition were picked out and indirectly co-
cultured with glioma C6 cells in Transwell chambers. These cells are henceforth referred to as the co-culture group.
Normal BMSCs cultured separately were the control group. CCK-8 and soft agar colony formation assay were used to
examine the proliferation ability of the two groups of cells. Flow cytometry was used to examine the cell cycle. Wound
healing assay and Transwell assay were used to explore the migration ability of the cells. Quantitative real-time PCR (qQRT-
PCR) was used to examine the genetic expression level of PVTI in the two groups. The above-mentioned tests were
repeated after the co-cultured BMSCs were transfected with si-PVT1 (si-PVT1 group) and si-NC (si-NC group). In
addition, qRT-PCR was done to evaluate the expression of CyclinDl,a cell cycle protein gene, and matrix
metalloproteinases 2 and 9 (MMP2 and MMP9), the migration-related genes in the si-PVT1 and si-NC transfected co-
cultured BMSCs. Results The BMSCs used in the present study possess the capability of osteogeneic and adipogenic
differentiation. Compared with the control group, the co-cultured BMSCs had smaller size, disorderly arrangement and
the lack of intercellular contact inhibition. The proliferation and migration ability was significantly enhanced, the
proportions of S and G, phase cells greatly increased and the expression level of PVT1 was significantly up-regulated
(P<0.05) in the co-cultured group in comparison with those of the control group. When compared with the si-NC group,
the si-PVT1 group showed inhibited proliferation and migration ability of the co-cultured BMSCs; the percentage of G,
phase cells increased, while that of S phase decreased; the expression of PVT1, CyclinD1, MMP2 and MMP9 mRNA also
decreased (P<0.05) in the si-PVT1 group. Conclusion The enhanced proliferation and migration ability of BMSCs in the
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glioma C6 microenvironment may be associated with the up-regulated expression of PVT1 .
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[ I TR I BMSCs I AE W AT R o ARFFEE R
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1.1 AR KW

R BRI 98 COAt L R 8 PR SRR A7 B I ) L 2 s e 25
;s DMEM/F1255 3% 4 | iR 20 7% | JBedR 1 g 726 [
Hyclone/\ wl; Opti-MEMIR IfiL i 4% 5% 5 T 36 [El Gibeo
23] CCK-8i ) & T H AR [ 28 vl 5 40 A JoT 38 5 400
PR TR IR &0 T i KA HOR A 75 Trizol
R T H A TaKaRaZA A ; RT-PCRI | & W T 3¢ [
Promega/A #l; Lipofectamine 200004 F 3 [E Invitrogen
2 POLARC I/ NRPTR 4T CD90, CD29, CD31,
CD45l4F 3 [E Becton Dickinson/A ] ; JMZLOYL {5 &
W T 26 [ Sigma 2\ F 5 9t Z2 21 Y (3200 G Tl 23 =
BHEA BRA F; Transwell/Na 14 36 F B 772 H]; PCRA |

Long non-coding RNA (IncRNA)

PVT1 Bone marrow mesenchymal stem cells

Y. siRNA PVT1(si-PVT1) B H X Msi-NCH BT LifgA:
TAEY TR A BR A

1.2 XWHE

1.2.1 BMSCs#y4 & 5325 R FHHENL F R 4 1
{4 SO B (g i PR R BL R 2% Bl 0 S 38 vt ) AR B
TRFR M E175% LR AT 5 min, 7E2E )2 AR N R
FHTC G ERAE R AR 23 25 15U B AR K B A T
APBSZE i v i gk IF L BRIEE LA | B 5 S5 4 24,
B I 4 o7 A S £ 10%FBSHYDMEM/F 124 35 4 1
10 e LA, 59 F AT, BREE BRI, HI5 mLyE S gl
USRI R v U I, R TR AL e i
50 mLESLAF R, 1200 r/min# 0210 min, Fd6 i
W, A GE 2 R FR LT B S A T 10 emlLH, 55724 hfiS
A, DAJG IR R — U, 5 4 AR R A 2 55 70% ~ 80%
A2 A AR R ARG 757

1.2.2 BMSCs#y %%

1.2.2.1 REHUFESE @R AR = CBMSCs
KR CD29, CD90, CD31MICD45H ik, &5 =40k
JnFL A I BMSCsAE Ry BT IR . #5565 = 1R BMSCs i
T I Ak 5 B0 IR IR 21,5 mL EPEE 1, 239 A 100 uL
CD29, CD31, CD45, CD90¥LIA, F4 C#EEHIFEE 30 min,
2.0, PBSEEE I E R A, LA AR
1.2.2.2 JCE BOSRorfesess R = RAE RS R IF
HJBMSCs, TH LB 0I5 504280 T 124U, DMEM/
FI2BER LT MR 9724 hIE, Bl il B 5 S 155 R R 08 Il
JEVE TR IR, 859821 A XA S A o R 4
0, Bi SIS A T 451 i X AR 5 S A HEA Tk 2T
OYfh, i P MEIE A RTHIE AL

1.2.3 BMSCs5Cemtla] k3 ik 2 o5 a4t
B RS % DA SCIRRGE" . RAFLEE K04 pm R
R PR AR PR Transwel & FE 2/ NE (L% 6FL) #EFTBMSCs 4l
it 5 Codm APy I8 35 o A 1.5x 10 ERARES RAF Y
55 = ARBMSCs At i ZE 6Lk, ¥ [RIHEER i Y Co 2t
RN 2 TranswelVNE P, 43 5 BBH S IR0, R 20 i B
Je K Transwell/NE i A 6 FLAR H #EA TR #3045 5%, 472 h
AT —WRALA . Mg )5, #BMSCsUE RS R #1475
1.2.4 fme3G A48 /4]

1.2.4.1 CCK-8KriZHMazasE A2 0004 i /FL 1) %5 B
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1EH BMSCs Cof BREH ) FH 3% 37 5 B BMSCs A T-96f LAk
o, BT A FRAE TSR, H R CCK- IR G U 1 T
1~ 6 dJ3 IAERHLH A L0 uL CCK-8YAW, 15 3540 s
A3 h, K5 Z D REREFR ORI 450 nmill £ 19 0% 6 B
(Ao fH o ZHAIIEHE R IE LT Ao fB

1.2.4.2 BB CREIE NS IA INAN i se R IRE T 4%
SEURTRIN 1. 2% M08 s BB B WA 25 76 20 % FBS+2% XL
By SR 58150, TEA6 eI, Y& HIE ] J5 4 A e J2 B
JEE AR FRAE TR . 4RI - LAY ELDRR0. 7% (IR
SRR 25 B R R AT, B 5 2 B e SR AR -
JZBE, IFIA2 000/ 1E H BMSCs (X FRZH ) a5 215 55
J& FIBMSCs (4TI BB AR N T 100 L), IRATE IS A
JEIZBER6 e LA, 75 2 BB 5E [ 5 & T A0 MRy 77
EFE TR FR 14 d, 0.05%%45 i 55 Y 4.5 min, B 2K VEREL
e B, B (100%) F WS TEEBRIE i I, sEkett
B A K F0.05 mm Y FEBEERES T se A HL A
1.2.5 AKX AR @0 A K IEH BMSCs (3
2H) FIILRE IR IS Y BMSCs H IR 16 /5 250, PBSHL &, #4
MRS 21,5 mLESLAE N, IR E70% M 178 L BE T
4 CORFR 2 Ao A7 AR S i AL500 pLT
Tl B LA P E (PT) G, 2618 d B 4L, 37 CHROGIRIA
30 min, i FH i 4N {X FACS-Calibur (34 [EBD /A ] ) K
W A I Mod fitFR A 3 B A N 45 31, LA b 1425 4m i J)
IR 200 e L 151

1.2.6 ‘mieit#ae e

1.2.6.1 RIJESZE  CBrIE R BMSCs(RFRZH) FIALRE 355
HIBMSCsZi i 73 RN F6FLAR Y, 78l & 2835 90% B (i
JH200 pLAEITEFLAR i3 R, A4 3 B T LUK
0, i FHPBSHERI B A MY, (G L35 AU DMEM/F12
FrR BB SR A0 i 48 hIRUHS 200 M P 0 R L A i AR
SLITFHA IR, R F Image S #E 47 & A0 3, MR A&
= (0 h¥JJR E R — 48 hXJRTEFH) /0 KR I Fx100%
1.2.6.2 Transwelli% 3% 10"~ 1FH BMSCs (4 BRZH) Al
FEREFE S5 I BMSCs 4 il 43 1) e A T Transwell (BUA : 241
B FLAR: 8 pm)/NEE 13, I FHTC I 35 77 200 40 i B
RFAN R 2200 uL, £ FEMA600 L% 10%FBSH
DMEM/F1255 373k, Fifi 7 4 40 0 B A 20 M 1% 5 vh 4
24 hJF U AAAE, FIARZS I L L g, R Ba% 2 R
FH T[] 7 30 min, 0.05%%% i 25 44 {530 min, ALK G
OB 5 T, AR A 25 R T RTINS = A
HPWREE IR

1.2.7 A R AE FPCR (qRT-PCR) 40 40 L PVT1
mRNA I IEHBMSCs(XH 4 ) | L1575 1Y
BMSCs#ifitd, R FH TrizoliZl | #2 B RNA, FPromegaiti’
SR &5 pg RNAH% 5% cDAN, #% i Promega Go
Taq“qPCR Master MixiX |l & Ui I B 179 4G . LA
GAPDH AN NS, R A2 YL H PVTI mRNAKIH
XpFikE . SIMIPAI LKL,

x1 519755

Table1 The sequences of the primers

Gene Forward (5'-3") Reverse (5'-3') Product length/bp
GAPDH GGCTGCCCAGAACATCAT CGGACACATTGGGGGTAG 122
PVT1 TGCTGATTGTTGCCCCATCC CTCACAAGTCGGCGGTTCTC 128
CyclinD1 GCATCTACACTGACAACTCTATC TTGTTCTCATCCGCCTCTG 151
MMP2 ACACCAAGAACTTCCGACTATCCAATG CAGTACCAGTGTCAGTATCAGCATCAG 93
MMP9 CTCCTGGTGCTCCTGGCTCTAG GCTGTGTGTCCGTGAGGTTGG 112

GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; PVT1: Plasmacytoma variant translocation 1; MMP2: Matrix metalloproteinase 2; MMP9: Matrix

metalloproteinase 9.

1.2.8 fmiads 540 BOTEUE K BIIER FRBMSCs
BefpFefLh, Kig%24 his ARG B K 50% ~ 60%, 1%
815 B 45487 F Lipofectamine 2000%% YL i3 4y, BN FH
Opti-MEMY, Ifil 1 15 7% 53 51| #i B Lipofectamine 2000
si-PVT1/si-NC, 734 B2 J5 Lipofectamine 2000FTsi-
PVT1/si-NCIRAIIMA AL, T 546 i e hin
Pl . si-PVT1JF5H: F: 5-GCACUCAAUUUCAGC
UUUATT-3', R: 5-UAAAGCUGAAAUUGAGUGCTT-3';
si-NCF %1 24: F: 5-UUCUCCGAACGUGUCACGUTT-3/,

R:5-ACGUGACACGUUCGGAGAATT-3', #%Ytsi-
PVT1{# si-NCHy 535 BMSCs7E 44 12 b, LA 3 000
AL/ FL Y % BE D T 96 LR h, CCK-8¥EAGINT ~ 3 dfY
Ao M8, PEATHRER 50 BT R SE 58 AN T ranswell i #5 SE 5,
e gL24 hE e LIRS BB il i IR R A7 R R S g, B g
48 h i WSO A0 2R A 3 2 AR A D0 240 i S 3 R QR T -
PCRYK (KM PVTI, CyclinD1, %5 4 & & A2 .
9(MMP2 K. MMP9) JmRNAZ3kA, LLGAPDH NS R, 5]
YIE 5 W21, SE86 7k R .
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1.3 SitERE
B BIEES L x £ s T o PIZHIR) LL 48 R FH 46 56,
P<0.05RREFEH G AR L.

2 #R

2.1 BMSCsHY¥E

T4 AR 25 5 75 BMSCs 2 fifi 6 i CD29 F1CDY0,
ARFIKECD31H1CD45, CD29HICD90% ik 44 41100%,
CD31HICD45FKAH A3 3.18%H11.67%. BMSCsZE AL
HIEFWAET21 dF, EROYE, BET T TSk
B r a1 A (E1A) s B 21 A, ILLOYL (4,
AR T AU B KN — I L AR T (J511B)

Bl 1 BMSCs£2M BiESEHRALBER (A, x100) RENEFS
FHIORBLER (B, x200)
Fig 1 The result of alizarin red staining after osteogenic induction
(A, x100) and oil red O staining after adipogenic induction (B,
x200) of BMSCs

2.2 HIEFHIBMSCsIE AT AL H1E58

WE 2R, 2J8 A, X R AL 2578 (P7), i
o R, HEFI 57, B 2 L BRI ; Seds e Al 4n i 4
VS /IN, HEF ZE L, 20 ()42 Al A i 2% . CCK-852 504
REBA) B WNHEIRITR, FeHE T4 BMSCsH A AE 1 5L
X IR G0, 22 F A G L (P<0.01) . B3R ve b
TE R 256 25 J (3B ) /R X FRZH BMSCs A WL 3 fE BRTE
B, AL EE R4 BMSCs 1] WA 2 s BRI 1. T 240
AR (E3C) BRFER IR HBMSCsih T G 301 1Y 41 i e 1]
[ (61.28+2.66) % JH A HEZH( (83.88+3.07) % Jii /b, S
G4 Fe (43500 (22.8+1.25) % H1(15.93+1.55) %)

Control group Co-cultured group

B 2 EEE52EFRBMSCs (P7) fkiEFR2E 2 FHBMSCsHIES
LE% ox40
Fig 2 Morphological comparison of normal BMSCs cultured for 2 weeks
(P7) and BMSCs co-cultured with C6 cells for 2 weeks. x40

B IRZE (4394 (10.98+2.2) % H1(5.14+0.88) % )44 il .
RIJR 5256 7R 2L 8% 57 40 BMS Cs 41 it RiI R A & 2R [ (45.3+
2.7) % )BT BRZH [ (11.8+0.97) % 16N, 22 5K Giit 4%
Y (P<0.01), TranswelliF #0564 Bon i 3540
BMSCsiT# [ 4 a5 it (511.7433.5) 3%} FR 4L BMSCs
(155.7+28.2) 342 (P< 0.001) .

4
—s— Control group
—u— Co-cultured group ok
3L
stk sk
<§ w3k
2L
kk
1}
0 1 2 3 4 5 6 7

Control group Co-cultured group

mDipG, mDipG, raDip$§
Co-cultured group

Control group

1600 . 1000 "
21200 5 800
g E 600
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400 200
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@  Channels (610/20(488]) Channels (610/20[488])

B3 CCK8 (A) HRIRAETEFEMM KL (B, x40; ABFFLFRFAM
SEREBK ) R AMAR ( C) HiIEEBMSCsHEFBMSCsiH
HIERE S

Fig 3 The proliferation ability of normal BMSCs and co-cultured BMSCs

detected by CCK8 (A), soft agar colony formation assay (B, x40;
Red arrows indicate cell colonies) and FACS analysis (C)

*%P<0.01, ***P<0.001, vs. control group.
2.3 PVTIXT1EFRBMSCsiEsERE S RIS M0

qRT-PCRES AR 7R 5 4] B4 (1.000+0.013) A LE, HE
R FR I BMSCsH PV TR AR 15 (2.30040.101) 411
(P<0.001);si-PVT1ZHPV T3k & (0.47+0.02) Hsi-
NC41(1.0£0.16) Bk (P< 0.01) .

CCK-855a 25 . (K14A) BRsi-PVTIAI 5 BE J1 48
si-NCHLW 55 (P< 0.01) o FRBENR v BEIE 1 52 50 45
(I&14B) R si-PVT14H 5 BT 36 (7.8120.93) % JKsi-
NCHI1((24.7+1.48) % i/ (P< 0.01) .
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KSR, si-PVTIH MG, W HI( (65.53+
2.99)% )5si-NCH((49.93+2.75) % )30, SHA L 15
((26.17£1.75)% ) %si-NCZH [ (41.02+1.38) % JIi /b, 225

0.8 -
- si-PVT1 group

= si-NC grou,
0.6 | group

0 1 2 3 4
() i o

At L (P<0.01) . [FAHfqRT-PCRES IR 7R si-
PVT1ZCyclinD 1 AHX} 335 5 (0.68+0.08) %isi-NCZH
(1.0+0.11) 98> (P< 0.05) .

si-PVT1 group si-NC group

B4 CCK8 (A ) FKIHARSEER A KL ( B ) MWl PVTIXT 35T BMSCsIEIEAE /1 H9 R0
Fig 4 The effect of PVT1 on proliferation ability of co-cultured BMSCs detected by CCK8 (A) and soft agar colony formation assay (B)

**P<0.01, ¥**P<0.001, vs. si-NC group.

B Dip G, [ DipG, [ DipS$

si-PVTI1 group si-NC group

1200t 1000

800
5900 | 5

£ e 600
=
E 600 | Z

400 -

3007 200 | N
0 20 40 60 80 100 0 20 40 60 80 100

Channels (610/20({488]) Channels (610/20[488])

5 F BRI PYTIX #1555 BMSCs 48R [ HA 19 32 1
Fig 5 FACS analysis was used to explore the effect of PVT1 on the cell
cycle of co-cultured BMSCs

2.4 PVTIX}#EEFFBMSCsiE R BE 189 RN

RIJR S 8645 5 WoR TR PV TR RR A AR ((20.1+
1.7)% ) 5si-NCA1( (61.145.4) % IR MK, 2R AL L
(P<0.001), Transwell 325625 5 B 7Rsi-PVTIZHIE RS 41
MU (199+30) #si-NC4L(545+97) I /b (P< 0.01) o
qRT-PCRE5 R i /R si-PVT1ZH MMP2 S¢ MMP9 mRNAFAH
X 23k 2 (43511 40.5240.04F10.32+0.03 ) 4si-NCH (4351
#71.0+0.0311.0+0.06 ) Pk (P< 0.01) .

3 it

B 45 X BMSCs A= P2 1 LA S BMSCs7E g v i 7R
MBI H#RRA, O A KEDFFOEBMSCsE 244 T
FLYBEAYT IR . (HIEBMSCs It 752532 3| Rl R B
FE B PR 22 1) 5 ) T 3RO A R R AR U R TR
WANGE /N 8 41 R MECHY 15 35 315 55 /1N
FBMSCsJi, BMSCsH V-4 5e B JE hli ik 71 LA Mt #e fig

5, A ZE(IL)-6. L FC-X-CHITHA(CXCL15) |
CCHafb A FHER2(CCL2) LA M I 4 9 K¢ AR K TH 7
(VEGF) ik ¥ m . A0 BMSCs 5 1 BiE Co 4l
38 3 Transwell [ 422335 57, TranswellfllFL s /7 20 i)™
A TR 45 ) ac 4, T B AR RS A IR L",
LA 1S S5 988 Co 200 it 433 1) 200 i PRl 1~ S5 X BMSCs = 4
“APERER R . AFTE LS T o 5 IR Co A fifd ] 42 3
Fr 3% J5 BMSCs 134 5 T R A 1 #8105, H ALRE 5%
Je BMSCs HA 76 FR Bl vh 3 5L 1 ve M BRI Rl 7, 412
785 SR Co M L5 3% 5 , BMSCs AL Wik %
TR,

PVTLR—FPre e b BAT 2T VE FHAYIncRNA" 7,
BT R IR 9 K A R AN, PV TS 535 B 1y
B UMK LA BRI B | LT AL . M S
)3 SO I N o G 9 1 o e 1 R
SV HILA 45 P 200 6 P 1 5 SRS R g TR ELAT
TR RS, 5B Codn i MR FR Y
BMSCs4HI I PVT145 1E H BMSCsH i 55 254 . i si-RNA
i BO PV TR , 2h3E 35 BMSCs i 5 K T 7 BE 15
ZFHNH, 22 85 158 0988 Co At Jifa [ 42 4L 4% 37 (1 BM S Cs 34
FEAE A IS 5 PVT1 ik A %, CycinD1
S e A A LRIV ER 11, RR RS A HE AN i A G0 1l S 1
R, AL BEAR MG, QRT-PCRES R /R Bk PVTL J
A1 JE 913 A CyclinD1 mRNAZR Ik 2 FAIG, [A] A 3 =X 4
JRUAZE S EAR PVT I G W40 Fe 4 2, S 40 i
FL A, 2 B 5 e IR Co 4 At ] 322 16 05% 7 J5 BMS Cs 8
FEAE FTRY S 5 PVT1 S EBMSCs 4 il 5 1 28 A % .
FWFFE LRI PVTL BN IE ik 4 ik 200 i 4 DS o £ ik 4 i )
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IEREHE S, MMP2 FlI MMP9 #B %At W Jie g, ELAT [ fit
IV 7Y fie J5 2 1 R RR JIE IR 2 1 A D BB s FEAS RS, o
& PVT1 J§ MMP2 Fl MMP9 mRNA 35 -t B i A,
W PVTL AJ B8 23 4 1 200 B 4 35 ot 9 i e 2 Jie S g
COYN A HBMSCsHIT R BE 11

25 FTIR, 5 IR Codti it [ 4t 77 2 J 9 BMSCs
HEMITEAL RE T AR W%, HPVTIR AW & . Tk
PV T35 J5 RE I il L 1% 32 BMSCs Y 14 58 A1 1T 8 Rk
J1o PVTLX 5 e 59 Co 4t il 2 4% 5= I BMSCs B 73 A= )
MR EAT EE M ER . ARFR X BMSCsTE I T
COA M TIIALE T o A W2 A T 1 el 2 B LML AT T %)
I, (B RAEERZ A2, PVTLA T 15 3R BMSCs
WA AERS e ) BIPLEDLE T i — L WH9E . Wnt/B-catenin
17 538 6 A 20 R 3 4 R B o AR v HL AT S A R A
R BESE ARG PV TR A3 Z2 RS AR R HEJH 15 Wnt/B-
cateninfF 5 %, PVT17] {5 ceRN A i miR-619-5p i
5 Wnt/B-cateninfF -1 i Hh H B4 K5 Pygo2, HitE—
¥ Wnt/B-cateninf 538 B[R] PVT 14 A 38 220
FEmiR-361-3p/SOX 9 I Wnt/B-cateninifli >, 7EAHF
S8 T PVT1E Y 1% 32 BMS Cs i 19 5 F1T 4 RiE )1 12 5t
5 Wnt/p-cateninfF 18 B AT O AL H Hp BTl K i HAAHIL
AR, XURFRAT T — i E.O 5 Bis.

FIZEMR AR MR AR £ vh 5
s £ X #
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